Background: Raw data from 3 similar clinical trials were analyzed in this individual participant data (IPD) meta-analysis to define any possible efficacy of intravesical 2% chondroitin sulphate in IC/BPS. Methods: We pooled IPD from an open label and 2 small randomized placebo controlled trials assessing chondroitin sulphate in IC/BPS (similar inclusion/exclusion criteria, treatment, outcome assessment). Our primary objective was to compare rates of global response assessment (GRA) responsiveness between chondroitin sulphate and vehicle control. Secondary objectives compared the Interstitial Cystitis Symptom/Problem Index (ICSI/PI) total score and improvement rates, and average daily urine frequency. The treatment response was calculated for individual trials and pooled data using IPD meta-analysis for pooling proportions. Results: In total, 213 patients were included in the pooling analysis. At the end of the treatment period, the overall GRA response rates were 43.2 (95% CI: 35.0, 51.5) and 27.4 (95% CI: 17.6, 37.2) for the chondroitin sulphate and vehicle control groups, respectively. Pooled RR was 1.55 (p = 0.014, 95% CI: 1.09, 2.22). The chance of being an ICSI responder was similarly 54% higher in the chondroitin sulphate group. The small decrease in total ICSI score and urine frequency between the two groups was less impressive (-0.8 and -0.5 points respectively) and not statistically significant. Conclusions: Benefits from intravesical chondroitin sulphate treatment in IC/BPS patients can be confirmed by increasing the power of the available data using an IPD meta-analytical approach. However, disconnect between response rates and severity scores underline the importance of choosing the right patient for this organ-specific treatment.
Introduction
Interstitial cystitis/bladder pain syndrome (IC/BPS) is a noninfectious chronic bladder condition characterized by pelvic pain perceived to be related to the bladder and associated urinary storage symptoms (frequency, urgency, and nocturia). 1, 2 An important component of the urothelial mucin glycosaminoglycan (GAG) layer, 3 which is believed to be abnormal in IC/BPS, is chondroitin sulfate. 4 A 2.0% solution of sodium chondroitin sulfate in phosphate buffered saline (chondroitin sulphate, Tribute Pharmaceuticals [formerly Stellar Pharmaceuticals], Milton, ON) has been approved in Canada and Europe for intravesical instillation as a medical device for the replenishment of the GAG layer to relieve the symptoms of IC/BPS.
A number of uncontrolled, open-label clinical studies, previously conducted with intravesical chondroitin sulfate, [5] [6] [7] reported large reductions in IC/BPS symptoms with no significant treatment safety issues. A prospective real-life clinical practice study (referred to in this report as "Open Label Study" or OLS) 8 completed in 53 subjects, described a treatment responder rate of 47% after 6 once-weekly instillations and 60% were after an additional 4 monthly instillations. Two better designed randomized placebo controlled studies 9, 10 reported that patients treated with intravesical chondroitin sulfate had a greater chance of experiencing amelioration of their symptoms, however in both studies the treatment effect was not statistically significant. The first proof of concept study (referred to in this report as "RCT #1"), 9 a small trial, which enrolled 62 patients in total, reported a possible treatment effect with 39% of patients treated with 6 weekly chondroitin sulfate treatments showing clinical response compared to 23% of patients in the control group. A second controlled clinical trial (referred to as "RCT #2") 10 was undertaken to gain additional safety and effectiveness information in 98 IC/BPS subjects with intravesical 2% chondroitin sulfate using 8 weekly instillations over a 7-week period with post-treatment follow-up for an additional 19 weeks for a total study length of 26 weeks. Patients randomized to intravesical 2% chondroitin sulfate had a 43% response rate compared to a 34% response rate in the placebo group (difference was not statistically significant).
These 3 studies were designed (the 2 RCTs were purposely underpowered) to use the data to determine possible safety and efficacy information to decide on whether it would be prudent to continue investigating and using this intervention.
While only 2 of the 3 clinical studies were RCTs and all used slightly different durations of therapy, they all enrolled similar patients, had the same treatment intervention and used the same assessment tools. This allowed us to combine the individual data sets which yielded more power and thus gave us a robust analysis using a meta-analytical approach. Such an analysis assisted us in defining any possible efficacy of intravesical 2% chondroitin sulphate in IC/BPS.
Methods

Patients
We analyzed raw data from 3 clinical trials assessing chondroitin sulphate in IC/BPS patients in this meta-analysis. 8 without control group, while the other 2 (RCT #1 and #2) 9, 10 were randomized placebo controlled trials. The duration of weekly intravesical chondroitin sulphate instillation were 6 weeks (plus 4 monthly follow-up instillations), 6 weeks and 8 weeks for OLS, RCT#1 and RCT #2, respectively.
Objectives
The primary objective was to compare rates of GRA responsiveness between chondroitin sulphate and vehicle control in subjects with IC/BPS. The secondary objective was to compare rates of improvement of ICSI, ICSI total score, ICPI total score and improvement rates, 11 and average daily urine frequency between chondroitin sulphate and vehicle control groups.
Study endpoints
The primary endpoint was treatment responsiveness, which was defined as moderate to marked improvement on the GRA scale at Week 10 for the OLS, Week 7 for the RCT #1 and Week 11 for the RCT #2. The GRA was employed as the primary endpoint in all 3 studies. The secondary endpoints were ICSI Improvement (responder), which was defined as a decrease by 30% of ICSI total scores from baseline, ICSI total score, ICPI improvement (responder), which was defined as a decrease by 30% of ICPI total scores from baseline, ICPI total score, and average daily urinary frequency according to a 2-day voiding diary These outcomes were measured at the end of treatment period and the end of study, which were Week 10 and Week 24 for OLS, Week 7 and Week 12 for RCT #1, and Week 11 and Week 26 for RCT #2. If data for the current visit were missing, the previous observed data were carried forward to replace missing data. This is known as the last observe carry forward (LOCF) technique.
Statistical analysis
For individual study, data were described using mean (or median where appropriate) and frequency (%) for continuous and dichotomous data, respectively. Patients' characteristics at baseline were compared between treatment groups using t-test (or Mann-Whitney test) for continuous data and chi-square test for categorical data.
For dichotomous endpoints (i.e., the GRA response and ICSI/ICPI improvement/responder), a response rate for each study was estimated according to treatment groups and time at measurement. The rates were then pooled using metaanalysis for pooling proportions. Treatment effects, measured by risk ratio (RR) along with 95% confidence interval (CI), were then estimated. A binary regression model with adjusting cluster (study) effect was applied to assess overall treatment effects. The pooled RRs and 95% CIs were estimated by exponential coefficients of treatments.
For continuous outcomes (i.e., ICSI, ICPI, average urine frequency), the mean difference between the 2 treatment groups was estimated for each study. Linear regression adjusted by study effect (cluster) was applied to assess treatment effects on continuous outcomes.
Modified intention to treat (ITT) and ITT were applied for RCT #1 and RCT #2 studies, respectively. All analyses were performed using STATA version 11.1. The p values with twosided tests <0.05 were considered statistically significant.
Results
In total, 213 patients (53, 62 and 98 for OLS, RCT #1 and RCT #2, respectively) were included in this pooling analysis. Patients' characteristics at baseline, between treatment groups, for each study were similar (Table 1) .
GRA response rate
We tallied the GRA response rate for each study (Table 2) . At the end of the treatment period (Week 10 for OLS, Week 7 for RCT #1, Week 11 for RCT #2), the overall rates were 43.2 (95% CI: 35.0, 51.5) and 27.4 (95% CI: 17.6, 37.2) for the chondroitin sulphate and vehicle control groups, respectively. The pooled RR was 1.55 (p = 0.014, 95% CI: 1.09, 2.22) (i.e., the chance of having response to treatment was Treating iC/BPS 55% significantly higher in the chondroitin sulphate group than in the vehicle control group).
The pooled response rates at the end of the study (i.e., Week 24, 12 and 26 for OLS, RCT #1, and RCT #2 respectively) were 43.3 (95% CI: 17.3, 69.2) and 24.6 (95% CI: 14.7, 34.5) for chondroitin sulphate and vehicle control groups, respectively. The chance of having responsiveness was found to be 80% (RR = 1.80, p = 0.070, 95% CI: 0.95, 3.40) higher, but not significant in the chondroitin sulphate group compared with the vehicle control group.
ICSI
ICSI improvement
ICSI improvements at the end of the treatment period were significantly higher in the chondroitin sulphate than the vehicle control group with the rates of 48.0% (95% CI: 34.9, 61.0) and 30.3% (95% CI: 15.7, 44.9), respectively (Table 3) . Therefore, the chance of having disease-specific improvement was 54% (RR = 1.54, p = 0.033, 95% CI: 1.04, 2.30) significantly higher in the chondroitin sulphate than in the vehicle control group. The improvement was consistent until the end of the study period with the pooled RR of 1.34 (p = 0.028, 95% CI: 1.03, 1.73).
ICSI total score
The mean ICSI total scores have been described according to treatments and time at assessment (Table 4) . A mean difference was estimated for each study and then pooled. The overall mean difference at the end of treatment period was -0.8 (p = 0.404, 95% CI: -4.0, 2.4), In other words, the ICSI is 0.8 units lower, but not significant in the chondroitin sulphate than in the vehicle control group. The overall mean difference at the end of this study was 0.5 (p = 0.743, 95% CI: -5.8, 4.8) higher, but not significant in the chondroitin sulphate compared with the vehicle control group.
ICPI
ICPI improvement
The overall ICPI responder rates at the end of treatments were 50.7 (95% CI: 42.3, 59.1) and 41.8 (95% CI: 30.9, 52.6) for the chondroitin sulphate and the vehicle control groups, respectively ( Table 5 ). The pooled RR was 1.21 (p = 0.006, 95% CI: 1.06, 1.40). In other words, the chance of having ICPI improvement was 21% significantly higher in the chondroitin sulphate than in the vehicle control group. The long-term effects at the end of study period decreased with the pooled RR of 1.15 (p = 0.565, 95% CI: 0.72, 1.83). 
ICPI total score
The mean differences of ICPI total scores were estimated (table 6 ). The pooled mean difference was -0.5 (p = 0.256, 95% CI: (-1.7,0.8), i.e., the ICPI total score was 0.5 unit lower but not significant in the chondroitin sulphate compared with the vehicle group. The pooled mean difference at the end study period was -0.3 (p =0.795, 95% CI: -5.2, 4.5).
Average daily urine frequency
The mean difference of average daily urine frequency was estimated for each study ( Table 7) . The pooled mean difference was -0.5 (p = 0.613, 95% CI: -8.8, 7.9 ). The average daily-urine frequency was 0.5 times lower in the chondroitin sulphate than the vehicle control group. In RCT #2 (voided volume was collected in voiding diaries), the average urine per void decreased slightly in the control group (-0.2 cc) and increased moderately in the chondroitin sulphate group (+15.0 cc).
Safety
Overall, the treatment was very safe. In the OLS, 53% of subjects reported an adverse event, while adverse events were reported in 76.9% and 70.4% of the subjects enrolled in RCT #1 and RCT #2, respectively (with no difference between control and active treatment groups). All serious adverse events were unrelated to treatment. Possible treatment related adverse events were reported in 30.8%, 16.9% and 7.6% in OLS, RCT #1 and RCT #2, respectively. These adverse events, which were reported as mild or moderate, occurred more frequently in the control group compared to the active treatment group in the two RCTs. Urinary tract infections (defined as new onset symptoms associated with significant bacteriuria) were reported in 6 patients in the OLS and 3 patients in RCT #1 (all in control group).
Discussion
Meta-analysis is a statistical tool that can be used to obtain a quantitative estimate of the effect of a particular intervention from the effects reported in many studies. Since there are 3 small inconclusive studies evaluating chondroitin sulphate, it would seem that an individual patient data (IPD) metaanalytical approach would be the best way to determine if there is a significant efficacy signal in the pooled data. The main purpose of this IPD meta-analysis was to increase statistical power for primary outcomes from the data from the 3 available clinical trials in a cost-effective manner to determine whether larger and long-term studies should be contemplated. The 3 studies to date (OLS, RCT #1 and RCT #2) all indicated that chondroitin sulphate may benefit patients with IC/BPS. [8] [9] [10] This IPD meta-analysis confirms that chon- Treating iC/BPS droitin sulphate does indeed provide significantly more benefit than placebo. At the end of the treatment period, patients who had experienced chondroitin sulphate therapy had a response rate (rated their improvement as moderate or marked) of 43% compared to 27% for placebo treated patients. This meant that the chance of having becoming a responder with chondroitin sulphate was 55% significantly higher than with placebo treatment. While the chance of being a responder at the end of the study period (different duration for 3 studies) was 80% higher in the chondroitin sulphate groups compared to the placebo group, this was not statistically significant (certainly arguably clinically significant). This global response was confirmed using an ICSI responder definition. In this case, the chance of being a responder was 54% higher in the chondroitin sulphate group (48% compared to 30% in the chondroitin sulphate and placebo groups, respectively). The small beneficial difference in decrease in total mean ICSI score between the 2 groups was present, but much less impressive (-0.8 points) and not statistically significant. Similar findings were seen for ICPI; although there was significant benefit with the responder analysis, the difference in total score was not statistically significant. There was a decrease in mean average daily urine frequency in the chondroitin sulphate group compared to the placebo group, but it was very modest (-0.5) and not statistically significant. A number of limitations of this analysis are evident. One of the studies was not a randomized placebo controlled study, and while the patient populations are similar between studies, response bias is a potential factor. The 3 clinical trials employed similar weekly treatment regimens with the same active treatment; however, the treatment durations for primary outcome and end of study were different. They were similar enough to allow us to combine primary outcome and longer term end of study data in our analysis. This IPD meta-analysis met the minimum standards required, including prospective protocols, comparable definitions of key outcomes, quality control of data, and inclusion of all patients from all trials in the final analysis.
This analysis confirms that chondroitin sulphate is an effective therapy for some patients with IC/BPS. While the chance of being a responder was clearly statistically and clinically significantly better for chondroitin sulphate patient compared to placebo, the disconnect between the 3 responder analyses (very clear difference between chondroitin sulphate and controls) and the decrease in total disease specific scores (modest and not significant) indicate that we must do a better job of determining who will do well with this GAG replacement therapy. A similar disconnect between response rates and total score impact was observed in a recent major meta-analysis examining multiple treatment options for men with chronic prostatitis/chronic pelvic pain syndrome. 12 The modest improvement seen using a monotherapy approach in IC/BPS was recently confirmed in a large meta-analysis of treatment outcomes in IC/BPS. 13 If we were able to better select more appropriate patients for this therapy, we would see not only an increased chance of the patient being classified as a chondroitin sulphate responder, but also we would expect to see a better overall disease response in terms of decrease of IC/BPS scores in the selected populations. 14 Examples of positive selection criteria likely will be those patients with organ-specific features of IC/BPS, such as classic cystoscopic findings (glomerulations, Hunner's lesions), perhaps biopsies (showing inflammation) and/or provocative testing, such as the potassium sensitivity test (which is an indirect test for bladder permeability). It is hoped that better biomarkers (likely urine but perhaps serum/blood) that are being evaluated by the NIH/NIDDK in the MAPP study 15 will allow for better patient differentiation and improved therapeutic targeting.
Conclusion
It appears that the benefits obtained with chondroitin sulphate in IC/BPS patients, suggested but not statistically proven in small underpowered clinical trials, can be confirmed by increasing the power of the available data using a metaanalytical approach.
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